Business sustainability entails the incorporation of the objectives of sustainable development, namely social equity, economic efficiency and environmental performance, into a company's operational practices. Companies that compete globally are increasingly required to commit to and report on the overall sustainability performances of operational initiatives. The current indicator frameworks that are available to measure overall business sustainability do not effectively address all aspects of sustainability at operational level, especially in developing countries such as South Africa. Social criteria, specifically, do not receive due considerations. This article proposes a new framework to assess the sustainability of operations in the manufacturing sector.
Introduction
The last decade has seen an increased pressure to broaden the accountability of companies (and industry as a whole) beyond economic performance, for shareholders, to sustainability performance for all stakeholders [1] . The concept of business or corporate sustainability has therefore grown in recognition and importance. Business sustainability can be defined as "adopting business strategies and activities that meet the needs of the enterprise and its stakeholders today while protecting, sustaining and enhancing the human and natural resources that will be needed in the future" [2] .
The concept of sustainability is understood intuitively, but it remains difficult to express it in concrete, operational terms [3] . A systems approach consistent with the basic principles and requirement for sustainability has been proposed to consider strategic sustainable development planning at a company level [4] . The approach thereby attempts to:
• Cover social and ecological sustainability on the basic principle level, openUP (November 2007) • Translate the definition of sustainability to the institutional level,
• Manage the strategic perspective through a step-by-step approach whereby economic performance is taken into account regarding short-term as well as long-term risks,
• Advocate the development of indicators that have this perspective, and
• Show how various initiatives on this arena relate to such a sustainability perspective.
However, the proposed synergy of the available tools does not adequately assist industry decision-makers (at company management level) who are required to assess and evaluate their operations in terms of internal and external impacts. Optimal decisions can only be made when the economic, social and environmental consequences are taken into consideration [5] . A definite need has therefore been identified to develop a comprehensive framework of sustainability criteria that focus on operational practices in the manufacturing sector, and more specifically the assessment of the sustainability performances of technological developments during project management [6] .
Since the United Nations and national governments worldwide have been the driving force behind sustainable development, most frameworks that have been developed to assess sustainability have subsequently focused on a national, regional or community level [7, 8 and 9] . The frameworks typically address the three generally accepted dimensions of sustainable development (economic, environmental, and social), while some frameworks also include a fourth dimension, namely "institutional", as introduced by the United Nations approach [7] . Far less work has been done on a company level to develop and implement sustainability performance assessment practices [9] . An analysis of more than 50 business-related initiatives revealed that frameworks do exist to assess business sustainability but "in most of the (six) integrated (sustainability measurement) initiatives the primary focus is the environmental dimension" [10] . Furthermore, the focus of the available integrated sustainability frameworks is mostly on a product level within an organization [11] , with the Global Reporting Initiative (GRI) the only recognized international initiative that focuses on reporting the sustainability of the entire organization [12] .
openUP (November 2007) This paper proposes a comprehensive framework of sustainability criteria that can be used to assess the sustainability of projects, technologies, as well as the overall company sustainability. The framework is based on published approaches and impact assessment guidelines, but specifically addresses the needs of the South African process industry, i.e. within a developing country context, and focuses strongly on operational initiatives. The paper further reviews possible approaches (and experienced complications) to translate the criteria into measurable indicators for performance measurements.
Review of current integrated sustainability frameworks
Current integrated frameworks to assess sustainability, whether nationally, internationally, locally or company focused, have been reviewed to determine relevant aspects (or criteria) that should be considered when assessing industry sustainability. The selection of frameworks that were reviewed was based on the following: (a) The indicator framework includes a set of (measurable) indicators.
(b) The indicator framework addresses all three dimensions of sustainability, i.e. environmental, social, and economic indicators are part of the framework.
(c) The indicator framework has a wide focus, i.e. at a national, community or company level. Product-only focused frameworks were not considered.
(d) The indicator framework is not strongly based on another framework or guidelines, e.g. frameworks have been proposed at a country level that are slight modifications of the United Nations framework [7] .
The following frameworks were subsequently reviewed:
• Global Reporting Initiative (GRI).
• United Nations Commission on Sustainable Development Framework.
• Sustainability Metrics of the Institution of Chemical Engineers.
• Wuppertal Sustainability Indicators. 
Global Reporting Initiative
In 1997, the United Nations Environment Programme (UNEP) together with the United States non-governmental organization, Coalition for Environmentally Responsible Economics (CERES) launched the GRI with the goal of "enhancing the quality, rigour and utility of sustainability reporting" [12] . Reporting is therefore the strong focal point of the guidelines. The GRI uses a hierarchical framework in three focus areas, namely social, economic, and environmental ( Fig. 1) . The hierarchy consists of categories, aspects, and indicators. The guideline contains more than 100 indicators. However, not all the indicators are easy to evaluate and no guidance is given on how to choose between the indicators [9] . The guideline does, however, indicate what should be considered at a lower level, i.e. operational or project level within the company, especially if the company reports on sustainability using the GRI principles. Fig. 1 . The hierarchical structure of the Global Reporting Initiative (GRI) framework.
United Nations Commission on Sustainable Development Framework
The United Nations Commission on Sustainable Development (CSD) constructed a sustainability indicator framework for the evaluation of governmental progress towards sustainable development goals. A hierarchical framework groups indicators into 38 subthemes and 15 main themes, that are divided between the four aspects of sustainable openUP (November 2007) development (Fig. 2) [7] . The main difference between this framework and the GRI, for example, is the fact that it addresses institutional aspects of sustainability. The framework has been used as a basis by numerous developing nations [8] . The aspects addressed by the framework are not all relevant to the business community, and definitely not on an operational and project level. However, the framework provides insight into what sustainability entails on a national level, as well as areas in which business can make a contribution. 
Sustainability Metrics of the Institution of Chemical Engineers
The Institution of Chemical Engineers (IChemE) published a set of sustainability indicators in 2002 to measure the sustainability of operations within the process industry (Fig. 3) . The IChemE provides standard reporting forms and conversion tables [13] . This framework is less complex and impact oriented. However, the framework strongly favors environmental aspects, as well as quantifiable indicators that may not be practical in all operational practices, e.g. in the early phases of a project's life cycle [14] . Fig. 3 . The Institute of Chemical Engineers (IChemE) sustainability metrics.
Wuppertal Sustainability Indicators
The Wuppertal Institute proposed indicators for the four dimensions of sustainable development, as defined by the United Nations CSD, together with interlinkage indicators between these dimensions (Fig. 4) [15] . These indicators are applicable both on a macro-(national) and micro-(business) level. The approach used to address business social sustainability is worth noting; the United Nations Development Programme 
Proposed framework to assess the sustainability of operational initiatives

Institutional sustainability and business strategy
In order to propose a modified framework it is necessary to determine whether sustainability should be measured in three or four dimensions. The fourth dimension, institutional sustainability, has been proposed by the United Nations in Chapter 8 of Agenda 21 [16] . Chapter 8, which is considered to be the "core" institutional chapter [16] , calls for, amongst others, the adoption of national strategies of sustainable development and the integration of socio-economic and environmental aspects in decision-making. The United Nations CSD addressed this dimension by dividing it into two themes: institutional framework and institutional capacity [7 and 16] . The manifestation of institutional sustainability on a strategic level within a business (or industry) can therefore be seen as a prerequisite for sustainable operations, projects or even corporate sustainability. The first level of the proposed sustainability assessment framework is thus referred to as the "corporate responsibility strategy". It implies that a prerequisite for all sustainability is a strategy that accepts the company's responsibility and its vital role in every society it operates in and also in the global environment (see 
Corporate social investments and the sustainability of business initiatives
The review of the sustainability assessment frameworks and the sustainability or corporate social responsibility (CSR) reports of companies has shown that corporate social investment should not be confused with, or interpreted as, the only dimension of social sustainability of an industry. The Prince of Wales Institute [17] states that corporate responsibility should aim to make a positive contribution in the following three areas of influence:
(a) Core business activities by ensuring a responsible implementation thereof.
(b) Poverty-focused social investment and philanthropy programs.
(c) Institution building and public policy dialogues by getting involved.
A corporate responsibility strategy (as discussed in Section 3.1) should thus be evident in sustainable business activities as well as in corporate social investments and programs.
Corporate social investment (CSI) and CSR focused projects do contribute to the overall sustainability of the company and is evaluated as such [12] , but is not part of a company's core business (or operational) activities. The social sustainability of core business activities should thus not be evaluated in terms of the CSI programs of the whole company. In order to ensure that this distinction is made in the proposed framework, level 2 of the framework defines the corporate strategy into two distinct parts: operational initiatives, which include core business activities, projects, etc., and societal initiatives, which refer to CSI and CSR programs ( Fig. 5) . Operational initiatives should be evaluated in terms of the three dimensions of sustainability (see Section 3.1) at level 3 of the proposed framework. Level 4 in Fig. 5 contains the main criteria, which should be considered within each dimension. The framework consists of six levels, and levels 4-6 are discussed in greater detail.
Criteria for economic sustainability
The various frameworks that were reviewed do not address economic sustainability in the same context. The GRI defines economic sustainability as concerning "an organisation's impacts on the economic circumstances of its stakeholders and on economic systems at the local, national and global levels" [12] . The GRI is thus predominantly concerned openUP (November 2007) with the external impacts of a business on economic systems. The United Nations, Wuppertal Institute, and the IChemE frameworks have an internal focus, e.g. the United Nations and Wuppertal frameworks consider economic performance (of a nation) in terms of gross national product or gross domestic product per capita. Consequently, it is required to stipulate whether an internal or external focus is followed for the economic dimension of the proposed framework.
The Caux Round Table' s principles for business stated that although survival on its own is not a sufficient goal, a business must at all times maintain its own economic health and viability [18] . Also, it has been stated that the first step for businesses, who are serious about social responsibility, is to stay in business [19] . Companies survive on the long term through their ability to be profitable and unviable businesses can make no contribution to the economic systems on a local, national or global level [20] . Internal operational initiatives directly contribute to the overall profitability of a company.
Furthermore, the proposed framework is aimed at assessing the economic sustainability of a company; therefore, the focus of the economic sustainability measurement framework is internal, while external economic contributions (or burdens) are allocated to social sustainability, i.e. as external socio-economic aspects. The IChemE and United Nations approaches have been used as a basis to define the criteria relevant for this dimension, for which the aim is to evaluate the business' short-and long-term financial stability and survival capabilities. The following four criteria are used for this purpose: 
Criteria for environmental sustainability
In the South African context, the national government has clearly indicated the important criteria within the environmental dimension [21] . Using the priorities of the national government as a guideline, criteria for the assessment of environmental sustainability of projects have been developed for the South African process industry [14] . These criteria are similar to those that have been proposed to evaluate the clean development mechanism (CDM) projects within South Africa [22] , and to assess the overall impacts of life cycle systems in the South African context [23] . It has an external focus with four natural resource groups as main criteria: 
Criteria for social sustainability
Businesses are increasingly paying more attention to the social dimension of sustainable development, mainly due to an experienced shift in stakeholder pressures from environmental-to social-related concerns [27] . However, "far less work has been done on social sustainability, as it applies to business" [28] . Since the aim with the framework is to evaluate the sustainability performances of operational initiatives, the social dimension of the proposed framework is concerned with the company's impacts on the social systems in which it operates, as well as the company's relationship with its various stakeholders.
The information reviewed in the sustainability frameworks was not regarded as efficient; therefore, additional Social Impact Assessment (SIA) guidelines and frameworks, as well as literature on CSR have been reviewed: (a) European framework on corporate social responsibility [29] . (c) Socio-economic impacts for climate change mitigation [31] .
(d) South Sydney Council: SIA Checklist [32] .
(e) SIA categories for development projects in South Africa [33] .
(f) SIA categories for CDM projects in South Africa [22] .
(g) Classifications of social impacts according to Vanclay [34] .
(h) Dow Jones Sustainability Index [35] .
The social criteria that are addressed by the various frameworks, guidelines and classifications have been compared and are summarized in Table 1 . As a first observation, stakeholders exist within and outside the company [36] . Social business sustainability therefore has definite internal and external focuses. The internal focus concerns the health and well being of employees, disciplinary practices and equity and human rights aspects in employee sourcing. Training and development opportunities for openUP (November 2007) employees are also included. The external focus concerns the impacts of the operational initiative on three different levels of society: local community, regional and national level. In certain cases these impacts include those on or contributions to a community, region or nation's economic activities. In the case of the GRI, these impacts are addressed as economic sustainability criteria. The second observation is the vital role played by communication and interaction with stakeholders within social sustainability.
Stakeholders and society have been defined as two of the five key corporate sustainability performance principles [35] . Stakeholder participation is also a social sustainability criterion within most of the frameworks or guidelines developed with a business perspective, e.g. GRI, IChemE, and the Dow Jones Sustainability Group Index. Based on the analysis, a framework consisting of four main criteria is proposed to measure social sustainability of operational initiatives ( Fig. 6 ). 
External population
The external dimension of social sustainability is divided between this criterion and the criterion "macro-social performance". External populations focuses on the impact of the properties; social pathologies (induced or increased); security (induced or increased crime); economic welfare (induced business opportunities, impacts on poverty) and social cohesion (networks, demographics and equity aspects). The evaluation of performance in the area of community capital is of utmost importance in evaluating the social sustainability of a project as it has been implied that the core of sustainability is "how people feel about their surroundings and their way of life" [36] . These perceptions can directly influence stakeholder participation initiatives.
Stakeholder participation
The treating of stakeholders in an ethically and socially responsible manner has been seen as the core of CSR [37] . Additionally, stakeholder management has been regarded as the tool to connect strategy to social and ethical issues [38] . A separate criterion is thus proposed to assess the relationships between the company and its internal and external stakeholders. The criterion is divided in two sub-criteria: 
Macro-social performance
The macro-social performance criterion focuses on the company's impact on the external population on a regional and/or national level. The impacts on the economic systems of the region or nation, and therefore the external economic sustainability focus, are addressed under this criterion due to the fact that the economic dimension of the proposed framework only addresses internal aspects. The criterion is divided into two sub-criteria: Fig. 7 and consists of professionals who are:
• Actively involved in project management, either during the execution of projects or during project appraisal.
• Responsible for Environment Impact Assessments (EIAs) in the company.
• Involved with CSR projects. The 23 participants of the pre-survey were requested to rate the relevance of the different criteria in the proposed framework on a scale from 1 to 3, i.e. low, medium, and high.
The participants were further required to provide an indication of whether the criteria are represented at the correct level in the framework (Fig. 5 of Section 3.2) . The results of the pre-survey are summarized in Table 2 . Table 2 . Pre-survey results of the relevance of the framework criteria for operational (project) sustainability assessment, and the appropriateness of the level of the different criteria in the proposed framework The criteria of the economic and environmental dimensions were perceived to be relevant, and the levels thereof are adequate for project assessment purposes. Of the four main social criteria, only the criterion "macro-social performance" was identified as the least relevant to business sustainability. This can, however, be due to the definition used as well as the fact that the criterion is often seen as an economic sustainability criterion.
The sub-criteria of "internal human resources", "stakeholder participation", and "macrosocial performance" were all received well. An outcome of the pre-survey was that 40% of the respondents stated that the criterion "health and safety" should manifest on a higher level within the framework. The outcome can be rationalized considering the extensive health and safety campaigns that have been launched in the South African openUP (November 2007) process industry over the last two decades [39] . The sub-criteria of the "external population" criterion was not received particularly well, especially the "community capital" criterion, which was deemed not relevant by more than 30% of the participants. 
Identifying measurable indicators for the proposed criteria
The identification of suitable indicators to measure the impacts of an operational activity, e.g. an undertaken project, on the three main sustainability dimensions is dependent on the following three important points:
• The kind of information that is available at the point of assessing the sustainability performance of a specific operational activity. For example, considering the life cycle of a technology development project in the process industry, detailed data may not exist in the early stages of the project on which to base an assessment, but may be available at later decision gates in the project appraisal process.
• The scientific methodology to translate the operational activity information. Section 3.4 highlighted that there is currently no consensus on the exact procedure to assess the environmental performances of operational activities. However, work is ongoing in this field and methodologies have been proposed. With respect to the social dimension, there is little agreement on which criteria should be considered for social performance evaluations and methodologies are currently not practical for industry applications and business practices. In contrast, the methodologies for most of the sub-criteria of the economic dimension are reasonably well defined.
• The preferences of the specific assessors and decision-makers of sustainability performances in industry. Two approaches are currently under debate, as is shown in Fig.   8 . On the one hand all impacts could be translated into financial terms [40] , which is openUP (November 2007) often understandable by decision-makers. On the other hand, it is difficult, if not impossible, to place an economic value on all environmental and social impacts [41] , and a qualitative route with decision analysis techniques, e.g. Multi-Criteria Decision Analysis (MCDA), could be used [42] . In some cases, a combination of these two approaches have been proposed [43] . Fig. 8 . Possible methodologies to incorporate sustainability performance aspects into decision-making.
Based on these points, it is considered that the integration of the existing and developed methodologies should be used in order to derive suitable indicators to measure sustainability performances of operational activities. Furthermore, the overall procedure (and subsequent indicators) would, most probably, be company-specific.
Conclusions and the way forward
A framework is proposed to assess the sustainability performances of a company and its operational activities. The criteria addressed in the proposed framework are particularly applicable to assess projects that are undertaken in the process industry. Separate productspecific criteria have been omitted from the framework since products, as the core output of industry activities, should be subjected to the same sustainability assessment process.
The proposed framework can thus be used to establish the sustainability of the products as well. An extensive survey is underway in the South African process industry to openUP (November 2007) establish the respective weighting values (and subsequent relative importance) of the different criteria in the proposed framework for overall sustainability performances. The weighting values will be based on the perceptions of (project) decision-makers in the South African process industry.
A specific set of indicators is also under development for the criteria in the framework that is appropriate for the intended application of project management in a specific company. Although individual indicators may be similar, the overall set of indicators to assess company, project and technology sustainability, would typically be dissimilar. A combination of monetary valuation and MCDA techniques is further evaluated to integrate sustainability assessment results into decision-making practices.
